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[iU] 



n 

I(eiXdi) n 



.. . _ >— 1 d=^di 

e (.average; — \ = -) 

d 

¥*SfS* e (average), ^flf e (critical) £±5£cD X 7 i:SiL/:^ 

m j flat u -e^^M^^i-^^S^if-eftt tt^is 

SO#^#iiwm^kfflt L-C. n1@ (n=j+k) LT % & iTzfJ^^ 

#WjfOJ¥$* d i fc-TS) 
[12] 

/ . . ,x b (1 -p- (oosa) A 2) 4d 

s (critical) = -.— -— lln(— — 

4xd (1+p;«cosA b 

a :?t^^"fn]^x if ^Mtf*JSM^5c^^Sii:-e^JiMi*i^^> ; s^'fn] < ^^i"A) 

TtulB^^V^xn ^ h7^f ^cO^pit/M* e 1 (average) fiBS#lUI e 1 (critical) 
&T<Dl±mm U 1 (critical)^ e 1 (average) > 0 ) T\ IfffBlffe^SOTO^ 
fi e 2 (average) iigflis 2 (critical) mT^B 151 v S (- e 2 (critical)^ e 2 (av 
erageXO) tfzlimM ( e 2 (average) = 0 ) t*^^»J:t^*»-fo 

[ft*« 2 ] 

m 1 t:|Bf©WV-fo 
[ff ^ 3 ] 

mmmiKmMmKA lUAs ttzltA l G a I n A s^f tvcv** 
1, * If 2 Kf2*cco### V - if o 

Kria mATD^t^^^J: Hfris#it^s torn <omM& 1 5 ^ m ait & * c t 

¥S#»*LLfc— *t©x h?^f :TO<oS!W#^* * «r5^j*l — ItrfBlf * -e$fe£ *i 

tSfc RISK, HiTIBRttft^x * coW^«oi£«»*w» 2 ttwse^ 
Ji * T&fo-t & Xfl Sr-g- tr#S# V - -if <D»jfe#ffi fcis v> "C, 
[*3] 

n 

I ( s i >< di) n 

, , ^ i=1 d=Xdi 

6 (average; = ; = -j 

d 
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e (average), BltS* e (critical) *±&.<D H n izftM Lfcifrfr. 
S0>¥$#ff08c&' k-fii: LT, nil (n=j+k) ©Wl^lflt^^^^VA 

[Sfc4] 

✓ . . a b (1 -P - ( cosa ) A 2) 4d 
s (critical) = — — iln(-- 

4?cd (1 +p)'cosA b 

MnZy-ffr^r- n h 5^f 7 P 0 3 P*&M* e 1 (average) (±^#114 e 1 (critical) 

&T<DS.Mm. (e 1 (critical)^ e 1 (average) > 0 ) H(rSEW*t#* WiSlS 

Me 2 (average) f±BMRI*e 2 (critical) \>XT<D^\m. «3 M (- e 2 (critical)^ e 2 (av 
erageXO) ifct±*ft£ ( e 2 (average) = 0 ) tiSit^tttS^l'-f© 

[If 6 ] _ 

las ^lam^s^-^ <7>^^f*o 
umm 7 ] 

miBS^Mt-A 1 I n A s ttziiA 1 G a I nAsm#Ltv»4it ^^t5 
[1***1 8 ] 
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\mm&\ mm 

[0 0 0 1 ] 
[0 0 0 2] 

U ^ttl'-^DfcJKttfcteTS^'CL* * (Dittos ^'JTii:#p|i: 

[0 0 0 3] 
Hfel] 

n 

I ( & i X di) n 

v _ j = j d=Idi 

e (.average; — ■ j = ~| 

d 

[0 0 0 4] 

*P*&3I*e (average) f±ii5£0 J: 3 J*5£iH"*o 

klB t Lt, n1@ (n=j+k) ©#&#»4r8MI tt^S 9"7fr^T 

39HfcJSoJ¥S& d i t-?2>o 
[0 0 0 5] 

— ^ ^S^MO V PE (Metal-Organic Vapor Phase E 
p i t a x y) ilCU WV^f (ASM-LD : All Selective 

MOVPE grown Laser Diode) Ji, xyf >^^D-fe^^S effi 
^Ti^^-^nftjit (BHlBuried Heterostructure) tf*fNR-C# 

[0 0 0 6] 

H8 K^N&fr^tiSU KgBft£*fCV»a A SM- L D<^#^tIH*7Pi"o (0 0 1) ffi£j& 
Sfflfct^nll nPS^l±CS#liftPfttS3 a ^-^tf^^fn^t^ > 

„ nil nPIf/ny^l8-eI»£itLTV^ 0 f ©±CpII nP^77 F 

19, pIInGaAsn^^Ml 0^M^tLTV^ o fit, DH^t^fy^ 
y 6 <DmM<OjftfefcW;K&&&*&m*®Zfcit>K, DH^t^ h 9^ 7°6 £#tf V * v 
ffl&1$ik*<DmWWiL£ttif& nil nPitl Kit"*-* 2*0f#i*$ti<tv^ 0 
-E-Lt, Tltlinliftl 1^ ±W»=ttttil*J»^l!£ttfcHIPas*aiL'r®aE$tLfep 

in 1 2 *» % fi^tmfc ?itv^o 

[0 0 0 7] 

#tK, HI 9 ^MMX^T^i-o (0 0 1) «:MIfct^nIInPiSl± 

K [lio] ^(nH'r&o-c 2#<e>* h 9^ :/*fcogMfc->v a l 3 (^^^tes^ 

jh^r^^ fc fc&fcfcc, 2^<7)IMb-> i ; 1 3-e»f tLTt^llBiJ 1 4£ itf. 2 
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$©t£yij 1 3 ^M^flOOjATOl 5 ii^KJtft^Xfg^Wt (19 

(a) ) o 
[0 0 0 8] 

f LT, CLO^Ml 4 UltMOVPEM^i tjnIInP^77rll8, 

5Ki>m2o^mmmit-tLX(onm^mi 6^f^^^^> (is 9 (b) ) 0 

[0 0 0 9] 

-b;V777^ ^7"nWDH^t^ >9'f7 , 6Wfy Ktfti teWLfo v V 

3>v^l7tML (H9 (c) ) , fti^^SPlJtv^^fcLTplI nPSlT- 
n»;^i7, nil nPll7'Dy^I8^II?Mt^ (HI 9 (d))o 
-g-LT. SMfc->V 1 7*K**L;fcft, pll nP^r; KJg 9 fc p H I nGa 

As3>^^Hl0^ a B H M$*i) (0 9 (e) ) o ^-Oft, nil nP»KSt 
J2*Oj|tiJSL, TlOnatiiJ:^ ±I(0pIIi*Mt4 4irU^ 

[0 0 10] 

gft#4 7I> Mo B 1 - 2 
[##It5:K2] -XV* > nn^x • l/^-X i2 7t, il4f, 199 1^ 
1268-12701 

[*W«3] T^^K^^/^^-V^^ i5 8t, 199 1^, 1 
952~1954M 

[##fP»4 ] felffi 1 9 9 9^ 32-361 
[fPJOPfl^] 

[?iw*Lia t-f anus] 

[0 01 1 ] 

ASM-LDtli Vm-f % V - ^f^T-f 15 O WF§ fcfll x. 5 0 0 p mfMK K L 
HI 0 t-^i-J: a t-^tOSfty'J n>"77^13 OM^lCtl4 9 0 // mg^O 

LTODH^t7 f7^7*^II?M^*^^^, RI*t-iOl£telB 1 5 C£ DH 

5it|:4^ 0 d<7>£|$ar^ HI 9 (e) t:^tJ:^ i:l nP^pnp nOt'f VX^fl 
•Cflldt^fLimaE^n «;^fi:l nP K^r> ? v^#|£^JS 1 6 £ff AL 

fc^tc&oTJs !k pnpnt^f'^^^- Hit bt^ffit^^^'JT^iWfi: 

[0012] 

L*»L, #&*M&fcaWJSft3-£* DH^t^ h 94 76 £^0¥*&Me e 1 (average) 
itfiMm ( e 1 (average) = 0 ) J: } fc. j£te«RJw^$^S|ftt^fli 

! e ©^ lt e 2 (average) d*3l3R£ ( e 2 (average) < 0 ) ft •? , Off $ * 

JfcJ&fc^fc J: o "C * 2 (average) W^MM s 2 (critical) Srjgx-T L t 3 o 

-e- *>tt^ wfe^-Ji i 6 -e^^fp cis <effc**»& u y - * wasoJtun c «t * v — y 

° [MM * S * 
[0 0 13] 
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[0 0 14] 

n 

I ( £ i X di) n 

, N i= 1 d=Idi 

£ (.average) — j = -] 

d 

[0 0 15] 

^pi^2l» e (average). RWMft e (critical) ^Ji^Oi: 9 ^S^L/iJif^ 
(jit. ^£;fr-r&^#)S^ifc£ j lit U * ft k a ft 

5iO#^#:Jl0^^k1®h LT, njll (n=j+k) CD#aS#® fc^Jl 

iN»#:JS<7))?$£ d i fc-tS) 
[0 0 16] 

b (1 -P- (cosa) A 2) , 4d 

s (critical) = ^ T s — — 5 llnC-r— ; +1 J 

4tc d (1 +p) * cos A b 

[0017] 

a :?t>9^"|n]t, vf 0MtlIilM^^ii^Sii:^*^Wl*l^^^^'rn3O^T^) 
^y^^f n ^ f X h 7 /Wf^li e 1 (average) {ifS|#l^i e 1 (critical) J^T 
<Di±mm (e 1 (critical)^ e 1 (average) > 0 ) "C% frlBW#S^» <W**/MJI e 

2 (average) fiEiJ^ie 2 (critical) J&TFOS 131 »9 M (- e 2 (critical) s£ £ 2 (averag 
e)<0) tfzimm ( e 2 (average) = 0 ) •Ci^ii^ttiitSfi^-f^S 

o 

[0018] 

^ l> tyiBiim*^^ * -eifc* ftfc&w«fci&tMi 1 <D^mfamm 

#tUOWAfo^t7 b9^y*S*t4tP!l«P^ miBifm#-7^^<7?w^ffi 

[0 0 19] 
[»4] 

n 

I ( £ i X di) n 

, . i==1 d=2di 

£ {etv&reig&) — j = -) 

d 

[0 0 2 0] 

^11 e (average), e (critical) ^±.^<D X ? *-£&Lfc*&£\ 

(jit. S«r*+S*i»#»^«C* J 1St U *ft&S*#^&#^#«^ife£ftfcM 
^<75^S#* ^m^kjlt Lt, ni ( n =j+k) ^i#l?riiLt^^ 

^#:Jf(7)ff$^d i tt^) 
[0 0 2 1 ] 
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Mfc5] 

, . . ,n b (1 -P - (cosa) A 2) 4d 

(critical; = — T* /i 1 \ 5 " i in ^~T — ■ • 1 

4x6 (1 +p)*cosA b 

[0 0 2 2] 

(HU b : n-2f-X^ p : *'7v>ifc, « : ^-tf-X^? 

|tf|B^X;V^7"n^ y-x h "7 A y°<D^i^^ e 1 (average) li^l^pi e 1 (critical) 
PJ,T(Dj±mm U 1 (critical)^ e 1 (average) > 0 ) T\ B.o, mmW^m^^M 
* e 2 (average) t±Bl#MS e 2 (criticaD&TO^ISI v M (- e 2 (critical)^ e 2 (av 
erageXO) f-fcli&S ( e 2 (average) = 0 ) t^^i^ff « 

[ 0 0 2 3 ] 

(f£ffl) 

[0 0 2 4] 

A K G a, I nfr^tr^Sfl^fcS^JfiftLfc*^ SMMB 1 4«(l)«ft?>5vffl 
KtL (2)*#ft<Z>&ffi»U (3)li^M3|W s ^v^V-y 3 >, ®3o 
0/^^^^^M^tt^$^"C«, J?$^£$nSo -^"> JAteSI5 1 5t±£fc(l)tt 
^ffi]<75^«mtr^SWtt^^tL^ 0 fit, AU GaMWfIi:it<Tln 

wk^ik mm$>m< (d>ao) , f£ot, «(B«si:M$*aDH^t^ 

h 9 -f "7° 6 £ <^¥*^MS e 1 (average) ( e 1 (average) = 0 ) K & & X £ J&ft 

1 5 fcJftSSii:;fcS«r#* 1 6 coTO^i e 2 (average) 14 I nffijSrtVh 
£<&^3l5ftM ( e 2 (averageX 0 ) t&£o fU, MMl=±ot(±S^I 1 
6 (o^^A e 2 (average) tf*tt#M* e 2 (critical) £Sx. T L f_V> (- e 2 (critical 
)>e 2 (average)) , te^fttf^dSo Z(Dtz&, D H * *T X V 7 4 7° 6 e 

1 (average) e 2 (critical) £Lrt"C£E*t^«^r e>i"£ K J: «? . Wfir^-JI 1 

6 0)?\^M*1&mr2>Zttf-e£2> o <€-Oi|£*. JAiHSP^SiSf^* 1 2 (a 

verage)&BS#Me 2 (criticaOmft^x. & d J: S*H£<&5&£ 

[0 0 2 5 ] 

«|3^ 1996^. 401-4 0 61 

[»W©»*] 
[0 0 2 6 ] 

<£ tU£\ ^X;V^x n^f^f7^f yo^F*^* e 1 (average) &ffi#^fi e 

2 (critical)MT*EMMJ«t-d^-e> n ^ f7^^I«It 

2 (average) *tt#£*e 2 (critical) JBJLrt * e **>»r^ W*t^»<^t&^« 

[0 0 2 7] 

(# i ©ilfl) 

[0 0 2 8] _ 

nSlnP (001) itl (** V 7iln=2X 1 0 1 cm ) ll'nlA 1 
G a I n A s jfeffl 2 (J?£ d = 4 0 nm, &I=M> n = 1 X 1 0 1 cm ) , 
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-Ji^I (d = 6nm, IIe=+l. 4%. ^x;HNw- 10) , A'JJl ( d = 1 
Onnu e=- 0. 6 96. 7iNb = 9) **A 1 G a I n A s Jt^SMttHf 
S^#^®14JS 3, plAlGalnAs 3ft H C^i6Jf 4 ( d = 4 0 n m, * -V V 

T jftjg p = 1 X 1 0 1 8 cm" 3 ) , plInP^r^';7i5 ( d = 3 0 0 n nu p = 1 
XI O 1 8 cm -3 ) ffl^Wll«fi#li#tLtwmATO (Doub 
le Hetero) ^tXh7^^6 (JGHH^ D H ^ ^ h 9 >f 7° .£) ft 
, pllnP m^^n y * Jff 7 ( d = 6 0 0 n m. p = 5 X 1 0 1 7 cm -3 ) , nil 
n P««yn y y-Jf 8 (d = 6 0 0 nm, p = 1 X 1 0 1 8 cm 3 ) T-ffii6^^ tiTV^ 
&o -tLt, fOiKpII nP^7?F|9 (d = 1 6 0 0 nm. p=lX10 18 c 
m~ 3 ) , pIInGaAsn^^^UlO ( d = 3 0 0 n nu p=l X 1 0 1 

9 cm" 3 ) iF&WuZ^ MtwTffi^nfllWflil U ±®t=p 111**1 

jjitv^o t £ , d h * -y- * h y <i ?° 6 <omm k a-^ffiat*? tfatra t x m 2 <D^mi* 

[ 0 0 2 9] 
[0 0 3 0] 

^MiiMOVPEffi^, MfcLtii, h'^f^T^5--)A (TMA 1 ) 
h V * f-frifV >7 A (TMGa) , F'J^f^W^V^A (TMIn) . 7iVv> (A 
sHs) . > ( P H 3 ) tfflv>4„ nlh pi© K - V? ^ ^M- £ LTli 

(Si 2 He) ty^fJHi& (DM Z n ) fc**L<€*;KJBv>*o ^ft'J7^ 
(i7lc*^\ i^Sffi^tt 1 0 0 h P a -cfr -5 o 
[0 0 3 1 ] 

If, (0 0 1) I^MIfct^ nil n PitliCS§ 1 0 0 nm«>"J3 

1 4 C0WP"H 1 • 6 fi mfrh-%2>~n<7>A Y 9 4 "TTOoBtfl; v U 3 1 3 tCjjnX"t 

2$©tfty , J i 3-e^ttL7t^mi 4*^, 2*<oStfb~>V:3 

1 3 OWttlB 1 5 fc3&«a^JftSRril41S*ftfc** (13 2 (a) ) o ^> 

7^f7'^7affi]{± [110] #|qn?ab4o »»-f*^#flcV— yw*^MHI (i*tS 
2fe#g8BH<£>Hfi«) (H^-fr-f ) * 5 0 0 ^ mfcSSfc^LfcOT?* j£lpiBB 1 OtBttft 4 8 8 // 

[0 0 3 2 ] 

^i:-e©nIInPi«l^MOVPEit (K*f) l^'^U nMA 1 G a I 
n A s jfeH C^^g 2 , M»«M#M^#^ffi'fiJB 3 , pfllA 1 Ga I nAsjfeB^ 
£>Jf 4 , plInP^f^-7 715 fr* DH^fX>7^7"6 Sr«^ft-C^j£-t 

[0 0 3 3 ] 

£tf>fc£, (111) BMC^ttapiBI nP^y7 P «5<7)J&SilJK£ y f£ii-t&££ 
J: <9 . nlAlGalnAs*! 2 , gffi«S!^£*?#F'fim» 3 , p ffl A 

1 Ga I nAs*|tM40 (1 1 1) Bffi^plI nPf5t?*^-$*L, 

o 

[0 0 3 4] 

IGalnAsM 2 „ SlffiitM^M^PMI&S 3 > p fit A 1 G a I n A s 

%m 4, P IInP^rt77l5 L #t Lt©S^l 1 6 

«ft]f <7)ffi$U3«fcr>\ J¥£i±H&& (HI 2 (b) ) o 

[0 0 3 5] 

ffljft, MOVPEgf (H^T) ^ibMffiU *)i/77?'f>^n^|:j:^ 
t h y yo*CBfcftV'J 3 V^^^ 1 7 t^ti (0 2 (c) ) o 

tiiiE#2 004-3076914 
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[0 0 3 6 ] 

#CK. SSMOVPE^t (H^-^-f) C-k'^U pIInPll7'n^i7, n 
1 1 n Pll^n >; ^1 8 ^ (H2 (d) ) 0 *<D&, MOVPEl 

W. (H^*"f) ^^^tBLtifty'J 3>^^*K5*t, 3 0 g ©MO V P E}£gT? 
p3ainP^5?KI9, pIInGaAsn^nil 0«ftU « L nII 
n P mm 1 ©fifflg, n«* 1 Up fi|«i 1 2 ©^J&fc^ft-PtLtrV^ El 1 t?7fc L tz 4 

[0 0 3 7] 

& 1 <7?*Mf^©#1tii, DH^tXf7^7"6 ©¥^11 e 1 (average) 
£ 1 (critical) M^&mm^M i:f fc± "5 J£te«B<aW*t^» 1 6©3l3R36*e 

2 (average) *te*U Mft^lLtv>|, 0 -eott**® 3 , H4^to 
[0 0 3 8] 

i3, El 4 liS^tt D H ^ b 7>f ^6 £ 

fctw^H (%) £!M*©$;ftJl» (nm) -c**), 

f> M M £ 1" & SiKf-JfcftJi i © J&S L It * * L T * <5> 0 
[0 0 3 9] _ 

Ji1PJJK&£ijh=r, • ]»U¥<3BMMil*j8x-rv>S£ fct^U*!), M© 

ttttK J: »)tefi:#»4t«iiriBtt* , *4o HI 3 (4. & 1 o*if!8^Lfc*»i<0iii 

9 3 % k LXWmWXm<V 1 frb 3 X-JFZI-ifz £ *> KDH * h -7 4 ~f~Q 
W^Its 1 (average) *JS lar^S U 1 (average) - 0 ) \Z LfcWjft^W-JMS*^** 
o r^-e, @4 fcJS L/c 4 d PDH^ -"r* 7°©¥^^* e 1 (average) * HB*1 

(e 1 (average) = 0 ) ^Lfe»#-CI±, M^t^TO^i e 2 (average) 143 13RS«<0 

CifLT, i3 Tt4, DH^^f7^f©Wf £ 1 (average) 

3&*JEi»tM*1IiJ^">7 h LTis Jj , -g-*UC#oT, fttik&mv^MS. e 2 (average) 

(average) ^S^fi e 2 (average) ©ffl;£##ffi#S*&Tfc*S S 

[0 0 4 0] 

(ff§ 2 cD^SJSj^ls) 

m 5 14 , 2 <Dmmm iz 4 & *m#> ^ - *r © »fis#js*c* % 0 

[0 0 4 1 ] 

nil nP (0 0 1) Still (*^V 7fiftjgn = 2 X 1 0 1 c m ) _hfc nIA 1 
G a I nAsS#HC&#*2 a 0l$d = 40nm, Sle=+0. 3 1%, n=ix 
1 0 1 8 cm" 3 ) , >?xM (d = 6 nm, e=+l. 4%, 7x)l/|Nw = 10) * 
4t>\ rm (d = 1 0 nm. * =- 0. 9 3%. TifcN b = 9) a* A 1 G a I n 
A s JIT* M#Sfi^#^Stt® 3 . p MA 1 G a I n A s Mftffl 4 a 

( d = 4 0 n m, e=+0. 3 1%, +tU 7lS p = 1 X 1 0 1 8 c m 3 ) , p SI 
n p^^^|5 ( d = 3 0 0 n m, P =lXl0 18 cm 3 ) TMfcJ&S *l& 9 1 ©# 
S-fWWl-frfc LTCDDH^-v-* h 9>f :/6**5BJ&;3*U plInPSI7n^i7 (d 
= 6 0 0 nm, p = 5X10' 7 cm" 3 ) , nSI n P^I7n v ?m 8 (d = 6 0 0 
nm, p-lXlO 1 8 cm" 3 ) tfCV^So -?* L"T, pIInP^yKi 

9 (d=1600nm, p-lXl 0 1 8 cm" 3 ) , pll n G a A s H 1 

0 (d = 300nm, «, p = 1 X 1 0 1 9 c m" 3 ) im&ZtL. SKTBCnfll 

ffifE# 2004-3076914 



!Wm 2003-398670 



7/ 



mi i , ±15 k p nwm 1 2 ti*tim& s *lt v>* „ * fc> d h * r -7 >r -7° e ©mi 

[0 0 4 2] 

iit, »lWldiflSi:»lJ, ;ti;rl«Iit-0. 6%rf>k-0. 9 3%C 

f£jg 3 (7>^p*£)MS^t5^n £ U t^i6JS 2 a, 4 a ^J±$f M£$f7t Kim*. * - t 
Kt\ DH^^h9^7°6 ©Wlf s 1 (average) tWi^M 1 6 coTO^i e 2 (av 
erage) * BK#SS&T CfflHW L"CV>4 0 
[0 0 4 3 ] 

El 6 t±> H2 oHJfe^^ov^TM'Sr^r-tS^SW^Mafc^SiilS^^^DH 

Y 7-f7 0 6 T'{i > 3fcHD&i&»2a, 4 at, #pJii3 «t tT^U 7Jfd s M£*1-& 

DH^t^ h 9^ 7° 6 <D±m £&&m 2 a, 4 a t #P 
if 43 J: 0<V^ V7ii:fflitS ^ Wi **S * * J&SJf t?*4 fl 
[0 0 4 4] 

IH 6 Km-f iM^ DH^t^f5^ 7°C0^MS e 1 (average) 1 6 ©¥ 

*U3l* e 2 (average) fci±, jfefl C^it: < fcx^ESlCi ^ @4(:^t*CE 

[0 0 4 5] 

liHTIi, ^x;H^I$4nmt+l. 4 %<^)EiI> #Pt^'7, sWTm&M- 
$8nmT'-0. 2 %O^I!SMtrab * » - <7>flW±> 0 . 3 8 9 %«I© 
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